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 Th e tangled web of information regard-
ing the enigmatic chloride intracellular 
channel (CLIC) family of proteins has 
picked up another startling thread with 
current papers from two groups report-
ing a role for CLIC5A in podocyte-
 mediated maintenance of the glomerular 
fi ltration barrier. Pierchala  et al. in this 
issue of  Kidney International 1 and 
Wegner  et al. in a recent issue of the 
 American Journal of Physiology: Renal 
Physiology 2 report that CLIC5A is 
expressed in podocytes, where it colocal-
izes with podocalyxin and the ezrin /
 radixin /  moesin (ERM) complex. 
Furthermore, both groups fi nd that mice 
carrying an inactivating mutation in 
CLIC5 have altered podocyte morphology 
and proteinuria, indicating that CLIC5 
plays an important role in the mainte-
nance of podocyte structure and the 
glomerular fi ltration barrier. 
 Th e actin cytoskeleton has emerged as 
a critical determinant of podocyte 
 structure and function. 3 In podocytes, 
actin microfi laments are tethered to the 
apical membrane via the ERM complex 
with the cell-surface glycoprotein podo-
calyxin. At the basal cell membrane, 
actin fi laments are anchored through 
focal adhesion complexes to integrins 
and hence to laminin and other compo-
nents of the extracellular basement 
membrane. At the junctional complexes, 
where neighboring podocytes contact 
each other through the nephrin-
 containing slit diaphragm, actin fi la-
ments are tethered to complexes 
including nephrin, podocin, the actin 
adaptor protein CD2AP, and the calcium 
channel protein TRPC6. Th roughout the 
cytoplasm, actin fi laments are associated 
with the actin-bundling protein 
  -actinin-4, and non-muscle myosin 
IIA, which presumably provides stability 
and motility. Of particular note, natu-
rally occurring mutations in nephrin, 
podocin, CD2AP, TRPC6,   -actinin-4, 
laminin, and the heavy chain of non-
 muscle myosin IIA have all been found 
to be associated with human nephrotic 
syndrome, particularly focal segmental 
glomerulosclerosis. 3 Th us it is readily 
apparent that this highly organized 
structure in which the actin cytoskeleton 
is a central component plays an essential 
role in the podocyte ’ s maintenance of 
the glomerular fi ltration barrier. 
 The two new reports 1,2 have identi-
fied CLIC5A as another protein asso-
ciated with the actin cytoskeleton that 
plays a role in podocyte structure and 
function. Both groups of authors 
suggest that CLIC5A functions in a 
purely structural role as a component 
of the cytoskeleton, and this hypothesis 
is entirely consistent with the data. 
However,  other possibil it ies  are 
suggested by the diverse body of evi-
dence surrounding CLICs. 
 CLIC proteins in mammals are 
encoded by a group of six related genes 
named  CLIC1 – CLIC6 , which are known 
to encode seven proteins, including two 
alternate splice forms of CLIC5, desig-
nated A and B (reviewed by Littler  et al. 4 
and Singh 5 ). Th e family is defi ned by an 
approx imate ly  220-amino  ac id 
C- terminal domain, which is highly 
conserved among the family. CLICs 
were originally described as chloride 
channels, and abundant evidence 
supports the ability of CLICs to func-
tion as channels. In a variety of systems 
and with various members of the family, 
it has been shown that CLICs copurify 
with channel activity, and overexpres-
sion or knock-down of CLIC expression 
up- or downregulates channel activity, 
respectively, in cultured cells. Most 
convincingly, several independent 
groups have shown that purif ied 
re c ombi n ant  C L IC s ,  i n c lu d i ng 
CLIC5A, can enter phospholipid 
membranes and function as channels 
 in vitro . Various levels of evidence sup-
port a role of CLICs ’ channel activity 
in several settings, including intracel-
lular membrane trafficking and acidi-
fication, plasma membrane channel 
activity in microglia associated with 
superoxide production, and chloride 
channels in the nuclear membrane. 
 Despite this abundant evidence, 
a series of observations has cast doubt on 
whether CLICs truly function as  channels 
 in vivo . First, the biochemical properties 
of CLICs are very atypical for channels. 
Th ey show no sequence homology to any 
known channel family but instead have 
 What ’ s a CLIC doing in 
the podocyte ? 
 John C.  Edwards 1 
 Chloride intracellular channel (CLIC) proteins are proposed to have 
numerous functions, including chloride channel activity, regulation of 
gene expression, and serving as a component of the cytoskeleton. 
Pierchala  et al. have identified CLIC5A in podocytes, where it is complexed 
with ezrin, podocalyxin, and the actin cytoskeleton. Absence of CLIC5A 
results in altered podocyte morphology and proteinuria. Exactly how 
CLIC5A supports podocyte function is unclear. Potential mechanisms 
in which cytoskeletal interactions could regulate other functions of 
CLIC5A are discussed. 
 Kidney International (2010)  78, 831 – 833.  doi: 10.1038/ki.2010.238 
1UNC Kidney Center and the Division of 
Nephrology and Hypertension, Department of 
Medicine, University of North Carolina, Chapel Hill, 
North Carolina, USA 
Correspondence: John C. Edwards, Department 
of Medicine, Campus Box 7155, University of North 
Carolina, Chapel Hill, North Carolina 27514, USA. 
E-mail: jedwards@med.unc.edu
see original article on page 868
commentar y
832   Kidney International (2010) 78 
significant homology to the extended 
family of glutathione- S -transferases. 
Unlike typical channels, CLICs are not 
exclusively integral membrane proteins, 
nor do they enter membranes co-trans-
lationally in the rough endoplasmic retic-
ulum. Instead, a fraction of the CLIC 
population exists as a soluble protein in 
the cytoplasm, while another fraction 
resides in membranes with the biochem-
ical properties of a true membrane-
 spanning integral membrane protein, and 
it is presumably this population that sup-
ports channel function. CLICs have been 
shown to transition from the aqueous to 
the membrane phase  in vitro , but how 
this process occurs and is regulated 
 in vivo remains a mystery. 
 A second point of controversy is the 
absence of consensus regarding the pro-
perties of channels resulting from recon-
stitution of recombinant CLICs  in vitro . 
Although several groups have reported 
that a variety of purifi ed CLICs, including 
CLICs 1, 2, 4, and 5A, are all capable of 
supporting ion channel activity that is 
inhibited by the drug IAA-94, there is 
very little agreement about single- channel 
properties, ion selectivity, lipid require-
ments, and patterns of regulation by 
oxidation / reduction.  
 Th ird, CLICs have been implicated in 
numerous cell activities that appear to be 
unrelated to channel activity. In particu-
lar, various CLICs have been found to be 
binding partners of a variety of cytoskel-
etal or structural elements, including 
ezrin and A-kinase anchoring proteins. 
CLICs have also been shown to translo-
cate to the nucleus under certain condi-
tions, where they appear to play a role in 
gene regulation related to diff erentiation 
and apoptosis. 
 In light of this  ‘ tangled web, ’ what can 
we say about the role of CLIC5A in 
podocytes? (See  Figure 1 .) As Pierchala 
 et al. 1 conclude, surely it is possible that 
CLIC5A is acting in a purely structural 
role as a component of an apical mem-
brane cytoskeletal complex with actin 
fi laments, ERM, and podocalyxin, but 
this idea ignores the abundant data sup-
porting other roles for CLICs. An alter-
native hypothesis, completely consistent 
with the data, is that the cytoskeletal 
interactions of CLIC5A may be regulat-
ing its other functions, such as serving as 
an ion channel and / or regulating gene 
expression. Th ere are at least two obvious 
roles for chloride channels in podocyte 
biology. First, podocytes are known to 
express a chloride conductance in the 
apical membrane that is regulated by 
angiotensin II. 6 Th e molecular basis for 
this channel activity has not been identi-
fi ed. Stimulation of podocytes in culture 
with angiotensin II leads to activation of 
a chloride conductance and depolariza-
tion of the cell. Further consequences of 
this signal are uncertain, but angiotensin 
activity or blockade is known to eff ect 
the glomerular filtration barrier. If 
CLIC5A is responsible for this regulated 
channel activity, it could tie the presence 
of CLIC5 to regulation of glomerular 
permeability. Although a role for an ion 
channel in maintaining glomerular 
structure may seem counterintuitive, the 
precedent of TRPC6 clearly demonstrates 
that dysregulation of a plasma membrane 
channel can disrupt the glomerular fi l-
tration barrier and cause nephrotic syn-
drome. Second, endocytosis and 
membrane traffic are known to be an 
important action of podocytes. CLICs 
have been implicated in intracellular 
membrane traffi  cking, most convincingly 
with regard to the role of CLIC4 in 
endothelial tubulogenesis, and it is possi-
ble that the closely related CLIC5 is play-
ing a similar role in podocytes. 
 If CLIC5A is functioning as a channel, 
what of the association with the 
cytoskeleton? Taken together, the 
diverse data surrounding CLIC func-
tions suggest that these may be multi-
functional proteins that are capable of 
linking channel activity and perhaps 
gene expression with alterations in the 
cytoskeleton and the redox state of the 
cell. In this light, the observation that 
filamentous actin regulates CLIC5A 
channel activity  in vitro takes on new 
signifi cance. 7 Th us, CLIC5A may be a 
point in the podocyte where the criti-
cally important actin cytoskeleton inter-
acts with other cellular activities 
including membrane ion permeability 
and / or gene expression. One hypothesis 
of how this may occur is based on the 
model of   -catenin, in which   -catenin 
bound to the cytoskeleton serves as a 
store that, with reorganization of the 
cytoskeleton, can be released to carry 
out its other functions. 8 
 The papers by Pierchala  et al. 1 and 
Wegner  et al. 2 mark the identifi cation of 
a role for a CLIC protein in yet another 
critical cellular process. Many questions 
remain. For example, are alterations in 
CLIC5 associated with human  protei nuric 
states? And more fundamentally, what is 
CLIC5A really doing in the podocyte? 
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Figure 1 | CLIC5A in the podocyte. Pierchala et al.1 fi nd that CLIC5A is part of the ezrin–
podocalyxin complex, which is known to be tethered to cytoplasmic actin fi laments. Absence 
of CLIC5A leads to structural changes in the podocyte accompanied by proteinuria. CLIC5A 
may be stabilizing the podocyte simply as a component of the cytoskeleton. Alternatively, 
cytoskeletal interactions could be regulating other known functions of CLICs, such as acting 
as a chloride channel in the plasma membrane or endocytic vesicles, or regulating gene 
expression in the nucleus. ERM, ezrin/radixin/moesin.
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 In this issue of  Kidney International , 
 Castellarnau and colleagues 1 describe a 
method of machine monitoring of hemo-
dialysis adequacy based on analysis of 
ultraviolet (UV) absorbance of the out-
fl owing dialysate during the dialysis treat-
ment. From this information, the log 
blood urea nitrogen (BUN) slope can be 
determined. Th is slope is the ratio of clear-
ance ( K ) to urea distribution volume ( V ). 
By multiplying session length ( t ) and 
adjusting for fl uid removal, the ratio of 
cleared volume to body water ( Kt/V ) can 
be estimated. Th e concept of using dia-
lysate urea analysis 2 – 8 or UV absorbance 9 
to measure adequacy has been described 
previously ( Figure 1 ). 
 Certain dialyzable solutes, including 
uric acid, but not urea, absorb UV. 9,10 Th e 
UV absorbance in dialysate can be meas-
ured continuously without reagents and 
so is more suited for integration into a 
dialysis machine than existing urea 
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sensors. Th e data of Castellarnau  et al. 
suggest that UV absorbance is suffi  ciently 
representative of urea concentration that 
more specifi c measurement of urea may 
not be necessary. 1 UV-absorbing solutes 
are of higher molecular weight (that is, 
are more slowly dialyzed) than urea, so 
the method will underestimate urea clear-
ance. Because the UV method detects a 
range of solutes, it is theoretically suscep-
tible to interfering factors. Larger valida-
tion studies in diff erent groups of patients 
may be needed. 
 Th e advantage of this method is that 
 Kt / V is calculated directly from measure-
ments in dialysate, and values for absolute 
concentrations  K and  V are not required. 
A variety of diff erent approaches to esti-
mating urea removal have been proposed, 
including measurement of urea in recir-
culating dialysate, which will equilibrate 
with the concentration in blood. 2 
 A disadvantage is that changes in clear-
ance during dialysis due to membrane 
fouling or changing blood or dialysate 
fl ow will disturb the ratio between blood 
and dialysate concentrations. By integrat-
ing the sensor into the dialysis machine, 
the method of Castellarnau  et al. 1 has 
accounted for changes in fl ow and can 
include the eff ect of ultrafi ltration. By 
continuous analysis of the dialysate 
measurements over time, the post-dialy-
sis rebound may be predicted for calcula-
tion of an equilibrated  Kt / V . Th e method 
also claims to be capable of detecting 
membrane fouling by detecting unex-
pected changes in measurements over 
time, but this probably requires more 
validation. 
 Conductivity clearance measurement 
(CC) is a diff erent approach to machine-
monitored hemodialysis adequacy 
( Figure 2 ) that has been available in many 
regions of the world for several years 
now. 11 – 13 With CC, the dialysis machine 
briefl y and periodically increases and 
then reduces the infl owing dialysate con-
ductivity. Mass transfer and clearance can 
be calculated by analysis of the changes in 
conductivity at the dialysate infl ow and 
outfl ow pursuant to these alterations in 
dialysate electrolyte concentration. 11 – 13 
Because of time delays and the way in 
which this measurement is performed, 
CC estimates of dialyzer clearance also 
